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SPECIFICATION 

ANALOG ELECTRONIC TIMEPIECE 

5 Technical Field 

The present invention relates to an analog electronic 
timepiece having a piezoelectric actuator used therein. 

Background Art 

10 Heretofore proposed timepieces include a vibrator 

inducing a vibration by utilizing a piezoelectric effect of 
piezoelectric elements; a driven body driven to rotate with 
the vibration of the vibrator; and indicating means 
operating with a rotation of the driven body. 

15 In a timepiece, for example, disclosed in Japanese 

Unexamined Patent Application Publication No. 62-223689 as 
one of such timepieces, a vibration of the vibrator is 
converted into a rotational movement by a ratchet. This 
structure causes a problem of poor conversion efficiency. 

2 0 Because of this problem, a product like a timepiece having a 
power source used therein, which is built in a limited space 
thereof, ends up having a very short lifetime of a battery. 
In order to solve this problem, the timepiece must have a 
bulky battery with a large capacity mounted therein, which 

2 5 causes problems of an increased size and thus a limitation 
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to the design of the time piece . 

Also, a timepiece disclosed in a patent document of 
Japanese Unexamined Patent Application Publication No. 60- 
113 67 5, Japanese Unexamined Patent Application Publication 
5 No. 63-113990, or Japanese Examined Patent Application 
Publication No. 7-39175 has a wedge structure or a ring- 
shaped motor structure employed therein. These timepieces 
have a structure in which an elliptical motion having the 
major axis extending in the thickness direction of the body 

10 of the timepiece is converted into a rotational motion in a 
plane direction perpendicular to the thickness direction of 
the body of the timepiece. Since the elliptical motion has 
a very small displacement in the plane direction, energy- 
conversion efficiency for conversing it to the rotational 

15 movement is very poor. 

Accordingly, the above-mentioned problem causes these 
products to have a very short lifetime of a battery in the 
same fashion as the timepiece disclosed in Japanese 
Unexamined Patent Application Publication No. 62-223689. In 

2 0 order to solve this problem, although a mechanism for 

magnifying a displacement in the plane direction has been 
proposed, this mechanism extends in the thickness direction. 
Since the vibrator and the driven body overlap basically 
with each other in the thickness" direction in this type of 

2 5 structure, the above mechanism makes the timepiece further 



thicker, thereby causing a serious problem in that the body 
of the timepiece is prevented from having a thin structure. 

Accordingly, it is an object of the present invention 
to provide an analog electronic timepiece which solves the 
5 above-mentioned problems of the related art and which 

achieves high conversion efficiency and a compact and thin 
structure. 

Disclosure of the Invention 

10 A first form of the present invention is characterized 

in that there are provided a plate- like vibrator; a driven 
body driven with a vibration of the vibrator; and a time- 
indicating mechanism operating directly with a drive of the 
driven body or via a transfer mechanism. 

15 Also, a second form of the present invention is 

characterized in that, in the first form, the plate-like 
vibrator is a piezoelectric actuator which includes a 
diaphragm formed by stacking at least one plate-like 
piezoelectric element and a plate-like reinforcing member; 

2 0 at least one fixing portion for fixing the diaphragm to a 
supporting body; and an abutment portion disposed at a 
longitudinal end of the diaphragm, and in which, by feeding 
a drive signal to the piezoelectric element, the 
piezoelectric element expands and contracts so as to 

2 5 generate vibrations causing the diaphragm to expand and 



- 4 - 

contract in the longitudinal direction thereof as well as in 
a direction at an angle with the longitudinal direction so 
that the driven body is driven with a displacement of the 
abutment caused by these vibrations, and the abutment 
5 portion and the driven body are pressed by pressing means. 
Also, a third form of the present invention is 
characterized in that, in the first or second form, the 
vibrator is disposed so as not to overlap two-dimensionally 
with the driven body or the transfer mechanism. 

10 Also, a fourth form of the present invention is 

characterized in that, in the first or second form, the 
vibrator is disposed so as to overlap two-dimensionally with 
a mechanism including the transfer mechanism and the time- 
indicating mechanism. 

15 Also, a fifth form of the present invention is 

characterized in that, among component members constituting 
the analog electronic timepiece, the vibrator is disposed so 
as to overlap two-dimensionally with a part of the component 
members which do not affect an increase in thickness after 

20 its arrangement. 

Also, a sixth form of the present invention is 
characterized in that, in the first or second form, the 
driven body includes pressing means for pressing the 
vibrator . 

2 5 Also, a seventh form of the present invention is 
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characterized in that, in the first or second form, the 
vibrator includes pressing means for pressing the driven 
body. 

Also, an eighth form of the present invention is 
5 characterized in that, in the seventh form, a pressing force 
of the pressing means is exerted substantially in a 
circumferential direction of a driven wheel which is the 
driven body and is the first to be driven among the transfer 
mechanism. 

10 Also, a ninth form of the present invention is 

characterized in that, in the seventh form, a pressing force 
of the pressing means is exerted substantially in the 
center-oriented direction of a driven wheel which is the 
driven body and is the first to be driven among the transfer 

15 mechanism. 



Brief Description of the Drawings 

Fig. 1 is a block diagram illustrating an embodiment of 
the present invention. 
2 0 Fig. 2 is a front plan view of an analog electronic 

timepiece . 

Fig. 3 is a sectional view of the analog electronic 
timepiece . 

Fig. 4 is another sectional view of the analog 
25 electronic timepiece. 
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Fig. 5 is a sectional view of a piezoelectric actuator. 

Fig. 6 is a side view of the piezoelectric actuator. 

Fig. 7 is a plan view of the piezoelectric actuator. 

Fig. 8 is a magnified view of an abutment portion of 
5 the piezoelectric actuator. 

Fig. 9 is a sectional view of an analog electronic 
timepiece according to a second embodiment. 

Fig. 10 is a plan view of a pressing structure of the 
piezoelectric actuator according to a third embodiment. 
10 Fig. 11 is a plan view of a pressing structure of the 

piezoelectric actuator according to a fourth embodiment. 

Fig. 12 is a plan view of an analog electronic 
timepiece according to a sixth embodiment. 

Fig. 13 is a sectional view of a time- indicating 
15 mechanism including a piezoelectric actuator according to 
the sixth embodiment. 

Fig. 14 is a graph illustrating a frequency vs. 
impedance characteristic of the piezoelectric actuator 
having a concrete structure. 
20 Fig. 15 is an illustration of an example electrode 

arrangement of a piezoelectric actuator. 

Fig. 16 is an illustration of an electrode arrangement 
of another piezoelectric actuator. 

Fig. 17 is an illustration of an electrode arrangement 
2 5 of a piezoelectric actuator for a drive in both normal and 
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reverse directions . 

Fig. .18 is an illustration of an electrode arrangement 
of another piezoelectric actuator for a drive in both normal 
and reverse directions. 

5 

Best Mode for Carrying Out the Invention 

Preferred embodiments of the present invention will be 
described in accordance with the drawings. 
[1] First Embodiment 
10 Fig. 1 is a block diagram illustrating an analog 

electronic timepiece according to a first embodiment, and 
Fig. 2 is a front plan view of the same analog electronic 
timepiece . 

In the timepiece shown in Fig. 1, a control object is a 
15 time-indicating mechanism 5, and the time-indicating 

mechanism 5 operates with a piezoelectric actuator 341. As 
shown in Fig. 1, upon receipt of electric energy from a 
power source 1, an oscillation circuit 201 of an electronic 
circuit 2 transmits a signal having a frequency of 32,768 Hz 
20 and serving as a reference signal. This reference signal is 
converted so as to have a frequency of 1 Hz with a frequency 
divider 202. The signal from the frequency divider 202 is 
transmitted to a control circuit 225. The control circuit 
22 5 controls supply- timing of a drive pulse of the 
25 piezoelectric actuator 341 serving as a drive source of the 
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time-indicating mechanism 5, Also, the control circuit 22 5 
inputs a drive-pulse command signal to an oscillation 
circuit 23 61 which feeds a drive pulse to the piezoelectric 
actuator 341. 

5 When the drive-pulse command signal whose supply-timing 

is controlled with the control circuit 225 is inputted into 
the oscillation circuit 2361, the drive-pulse command signal 
is inputted into a motor-drive circuit 2363 via a wave- 
shaping circuit 2362. Thus, the motor-drive circuit 2363 

10 supplies the drive pulse to the piezoelectric actuator 341. 
In accordance with the drive pulse, the piezoelectric 
actuator 341 converts electric energy into mechanical energy 
by making use of its piezoelectric effect so as to prod the 
periphery of a driven body (rotor) 343. This prodding 

15 causes the rotor 343 to rotate such that a transfer 

mechanism (speed-reduction train wheel) 4 is driven to 
rotate so as to drive the time-indicating mechanism 5. 
Indication of the time- indicating mechanism 5 is adjusted by 
a time corrector 8. 

20 Fig. 2 is the plan view of the analog electronic time 

piece . 

As shown in Fig. 2, the various mechanisms illustrated 
in the block diagram shown in Fig. 1 are arranged on a base 
plate 11 in a well-organized manner. 
2 5 More particularly, a battery 1A, a negative terminal 
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IB, and a positive terminal 1C, the three constituting the 
power source 1, the time corrector 8 including a crown 8A, a 
quartz -oscillator 201A constituting the oscillation circuit 
2 01, an IC 2A having the electronic circuit 2 formed 
5 therein, the time- indicating mechanism 5 including the 

piezoelectric actuator 341 serving as a drive source, all 
constituting the analog electronic timepiece, are arranged 
on the base plate 1 in a well-organized manner. Reference 
numeral 101 shown in Fig. 2 denotes a circuit retainer which 

10 also comes into contact with the battery 1A. 

Fig. 3 is a sectional view of the time-indicating 
mechanism 5 including the piezoelectric actuator 341. 

The piezoelectric actuator 341 is a plate-like vibrator 
having a substantially rectangular shape (Fig. 2). The 

15 piezoelectric actuator 341 is a vibrator which performs a 
vibration in its longitudinal direction (hereinafter, 
referred to as a longitudinal vibration) and a vibration in 
its lateral direction (hereinafter, referred to as a 
secondary flexural vibration) when it has a voltage applied 

2 0 thereon as will be described later. 

The piezoelectric actuator (vibrator) 341 has fixing 
portions 341A integrally formed with the middle portion 
thereof. One of the fixing portions 341A is fixed to the 
base plate 11 with a fixing pin 12. The piezoelectric 

25 actuator 341 is arranged so as to be substantially parallel 
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to the base plate 11. 

The piezoelectric actuator 341 has an abutment portion 
341B disposed at the top thereof. Thus, since the 
piezoelectric actuator 341 performs a longitudinal vibration 
5 and a secondary flexural vibration, the top portion of the 
abutment portion 341B comes into contact with the periphery 
of the rotatably-supported rotor 343 while depicting an 
elliptical path. 

When the top portion of the abutment portion 341B comes 

10 into contact with the periphery of the rotor 343, the rotor 
343 rotates in the arrow A direction indicated in Fig. 13 
with a frictional force. Then, a driven wheel 343A 
integrally formed with the rotor 343 rotates in the same 
direction. Furthermore, the driven wheel 343A has a fourth 

15 wheel 351 engaging therewith, which rotates in the arrow B 
direction indicated in Fig. 2. A second hand 3 51B fixed to 
a rotating shaft 351A is driven with a rotation of the 
fourth wheel 3 51. 

Also, the rotating shaft 3 51A of the fourth wheel 3 51 

2 0 has a driven wheel 3 51C fixed thereto. The driven wheel 

3 51C has a third wheel 3 52 engaging therewith, and the third, 
wheel 3 52 rotates in the arrow C direction indicated in Fig. 
2. A rotating shaft 352A of the third wheel 352 has a 
driven wheel 3 52B fixed thereto. The driven wheel 3 52B has 

2 5 a second wheel 3 53 engaging therewith. A minute hand 3 53B 
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fixed to a rotating shaft 3 53A of the second wheel 3 53 is 

driven with a rotation of the second wheel 3 53. 

The rotating shaft 3 53A of the second wheel 3 53 has a 

driven wheel 353C fixed thereto as shown in Fig. 4. The 
5 driven wheel 353C has a minute wheel 354 engaging therewith, 

and thus the minute wheel 3 54 rotates in the arrow D 

direction indicated in Fig. 1. 

A rotating shaft 3 54A of the minute wheel 3 54 has a 

driven wheel 354B fixed thereto, which has a scoop wheel 355. 
10 engaging therewith. An hour hand 3 55B fixed to a rotating 

shaft 355A of the scoop wheel 355 is driven with a rotation 

of the scoop wheel 355. 

With the above-mentioned arrangement, the driven body 

343, the fourth wheel 3 51, the third wheel 3 52, the second 
15 wheel 353, the minute wheel 354, the scoop wheel 355, and so 

forth constitute the transfer mechanism (speed-reduction 

train wheel) 4 and the time-indicating mechanism 5. 

In the present embodiment, the piezoelectric actuator 

341 serves as a drive source of the timepiece. As a result, 
2 0 the analog electronic timepiece according to the present 

embodiment is more resistant to an external magnetic field 

than a timepiece in which an electromagnetic motor serves as 

a drive source. Also, the number of components of the drive 

source is smaller. 
2 5 Also, the analog electronic timepiece according to the 
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present embodiment has a large generated- torque and a 
reduced number of the transfer wheel train. Thus, costs 
including a component cost and a timepiece-assembling cost 
can be reduced. 

5 In addition, the large generated- torque allows wide and 

thick indicating hands including a second hand, a minute 
hand, and an hour hand to be fixed. Thus, this structure 
leads to a timepiece offering excellent visibility and 
providing a massive feel. Also, its frictional drive does 

10 not cause the hands to fluctuate, thereby leading to a 
timepiece having excellent positioning accuracy. 

Furthermore, since the piezoelectric actuator 341 has a 
structure in which a vibrational motion in the plane 
direction is converted into a rotational motion of the rotor 

15 343, the piezoelectric actuator 341 has no components 

overlapping therewith, thereby achieving a thin structure. 
Also, since the piezoelectric actuator 341 vibrates in the 
rotating direction of a part of the wheel train which is the 
rotor 343, thereby achieving high transfer efficiency. In 

2 0 addition, an affect of vibration leakage on the base plate 
11 or the like can be prevented. 

With the foregoing structure, the piezoelectric 
actuator 341 is arranged so as not to overlap two- 
dimensionally with the fourth wheel 3 51, the third wheel 

2 5 3 52, the second wheel 3 53, the minute wheel 3 54, the scoop 
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wheel 3 55, and the like. Accordingly, the timepiece has a 
thin structure. 

As shown in Fig. 2, the piezoelectric actuator 341 is 
fixed to the base plate 11 with the fixing pin 12 by 
5 screwing, swaging, welding, or the like while the rotor 343 
is always pressed toward the piezoelectric actuator 341 with 
a pressing member 16 (pressing means) . Here, the pressing 
member 16 is arranged so as not to overlap two-dimensionally 
with the piezoelectric actuator 341. 

10 The pressing member 16 is a U-shaped elastic plate 

fixed to the base plate 11 with a pin 16A. The rotor 343 is 
retained at one end 16B of the pressing member 16. Also, 
another end 16c of the pressing member 16 is retained by a 
pin 17 fixed to the base plate 11. With the arrangement, 

15 the pressing member 16 presses the rotor 343 toward the 

piezoelectric actuator 341 with a restoring force of the U- 
shaped plate. 

According to the structure in which the rotor 343 is 
pressed toward the piezoelectric actuator 341 by the 

20 pressing member 16, the piezoelectric actuator 341 is fixed 
with the fixing pin 12 by screwing, swaging, welding, or the 
like. Thus, a portable device such as a timepiece 
experiencing a shock is prevented from deterioration in its 
drive characteristic and a damage of its vibrator. Also, 

2 5 the length of a wiring path for applying a drive signal does 
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not vary, thereby ensuring a stable conducting condition. 
In addition, the stiffness of the piezoelectric actuator 341 
increases, thereby improving efficiency of transferring 
energy to the transfer mechanism. 
5 As shown in Fig. 3, the piezoelectric actuator 341 is 

constructed such that two plate-like piezoelectric elements 

13 and 14 have a plate-like backing board 15 sandwiched 
therebetween, composed of a metal such as a stainless steel. 
The backing board 15 has the foregoing fixing portions 341A 

10 and abutment portion 341B integrally formed therewith. 

According to the stacking structure in which the backing 
board 15 is sandwiched by the piezoelectric elements 13 and 
14, the piezoelectric elements 13 and 14 is prevented from 
damage due to an excessive amplitude or an external force of 

15 the piezoelectric actuator 341. Here, the piezoelectric 
elements 13 and 14 are arranged so as not to overlap two- 
dimensionally with the fixing portions 341A. 

As shown in Fig. 5, the piezoelectric elements 13 and 

14 have respective electrode 13A and 14A disposed on the 
20 surfaces thereof. Thus, a drive voltage from the drive 

circuit 2363 is applied on the piezoelectric elements 13 and 
14 via the electrodes 13A and 14A. When polarization 
directions of the piezoelectric element 13 and the 
piezoelectric element 14 are opposite to each other, by 
2 5 supplying alternating drive signals from the drive circuit 
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23 63 so as to provide the upper surface, the center surface, 
and the lower surface shown in Fig. 5 with electric 
potentials of +V, -V, and +V (or -V, +V, and -V) , 
respectively, the piezoelectric elements 13 and 14 are 
5 displaced in an expanding and contracting manner. Here, the 
drive signals for +V and -V are alternating signals having 
phases inverted to each other. With this arrangement, with 
respect to that of the backing board 15, the amplitudes of 
vibrations generated in the upper piezoelectric element 13 

10 and the lower piezoelectric element 14 can be made greater 
than those when applying 0 V to the backing board 15 (when 
the backing board 15 is connected to a ground of the drive 
circuit 2363). Meanwhile, in Fig. 5, supply electrodes 
lying in contact with the piezoelectric elements 13 and 14 

15 are omitted for convenience of explanation, and only the 

electrodes 13A and 14A lying on the surface are illustrated. 

The piezoelectric elements 13 and 14 are composed of 
material such as lead zirconate titanate, crystal, lithium 
niobate, barium titanate, lead titanate, lead metaniobate, 

20 poly (vinyl idene fluoride), lead zinc niobate, or lead 
scandium niobate. 

Next, an operation of the piezoelectric actuator 341 
will be described. 

When alternating drive signals are applied on the 

25 piezoelectric elements 13 and 14 from the drive circuit 23 63 
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via the electrodes 13A and 14A, a longitudinal vibration 
which expands and contracts in the longitudinal direction is 
generated in each of the piezoelectric elements 13 and 14, 
as shown by the arrow indicated in Fig. 6. As mentioned 
5 above, when the piezoelectric actuator 341 is electrically 
excited with a longitudinal vibration by applying the drive 
signals on the piezoelectric elements 13 and 14, the 
piezoelectric actuator 341 has a toque generated about the 
center of gravity thereof due to an imbalance in weight of 
10 the piezoelectric actuator 341. As shown in Fig. 7, this 
torque induces a secondary flexural vibration which causes 
the piezoelectric actuator 341 to fluctuate in the lateral 
direction. 

As described above, the longitudinal vibration and the 
15 secondary flexural vibration are generated in the 

piezoelectric actuator 341, and the longitudinal vibration 
and the secondary flexural vibration are combined. With 
this arrangement, the top portion of the abutment portion 
341B of the piezoelectric actuator 341 moves along an 
2 0 elliptical path as shown in Fig. 8. Since the top portion 
of the abutment portion 341B depicts an elliptical path in 
the clockwise direction, when the abutment portion 341B lies 
in heavy contact with the rotor 343, the abutment portion 
341B presses the rotor 343 with a large force. On the other 
25 hand, when the abutment portion 341B lies in light contact 
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with the rotor 343, the abutment portion 341B presses the 
rotor 343 with a small force. Accordingly, while a large 
pressing force of the abutment portion 341B is exerted on 
the rotor 34, that is, when the abutment portion 341B lies 
5 in heavy contact with the rotor 343, the rotor 343 is driven 
to rotate in a displacement direction of the abutment 
portion 341B. In the present embodiment, when the rotor 343 
rotates in the arrow A direction indicated in Fig. 2 in 
accordance with a displacement of the abutment portion 341B 

10 of the piezoelectric actuator 341, the time-indicating 
mechanism 5 operates. 

Meanwhile, when the piezoelectric actuator 341 is used 
in a timepiece, it is necessary to detect a rotational 
position of the rotor 343 to which the rotor is rotated by 

15 prodding the piezoelectric actuator 341. To achieve this, 
as shown in Fig. 2, the fourth wheel 3 51 and a conductive 
pin 18 have a position detector 100 interposed therebetween. 

The position detector 100 has a jumper spring 19. One 
end 19A of the jumper spring 19 is fixed to the base plate 

20 11, for example, by screwing. The jumper spring 19 has a 

knocking portion 19B formed at the other end thereof, which 
is bent in a substantially V-shape. The knocking portion 
19B engages with sixty teeth formed around the periphery of 
the fourth wheel 351. 

25 An operation of the position detector 100 will be now 



- 18 - 

described. 

With reference to Fig. 1, when a signal with a 
frequency of 1 Hz from the oscillation circuit 2 01 and the 
frequency divider 202 causes the oscillation circuit 2361 to 
5 be driven via the control circuit 225, the piezoelectric 

actuator 341 starts to prod the rotor 343 so that the rotor 
343 is driven to rotate. With this arrangement, the fourth 
wheel 3 51 is driven to rotate in the arrow B direction as 
shown in Fig. 2. When the fourth wheel 351 rotates, the 

10 knocking portion 19B of the jumper spring 19 moves back and 
forth in accordance with tooth shaped undulations of the 
fourth wheel 351. When the jumper spring 19 is deformed, 
the jumper spring 19 having a high electric potential VDD 
comes into contact with the conductive pin 18. After then, 

15 the fourth wheel 3 51 rotates further, and the position 

detector 100 operates upon detachment of the jumper spring 
19 from the conductive pin 18, so that the position detector 
100 inputs an oscillation-halt command to the control 
circuit 225, which is directed to the oscillation circuit 

20 2361. 

In other words, in the present embodiment, after the 
start of a prodding operation of the piezoelectric actuator 
341, when the jumper spring 19 comes to a position at which 
it climbs on one of the sixty teeth formed around the 
25 periphery of the fourth wheel 351, the position detector 100 
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detects this position. Then, the oscillation-halt command 
is inputted into the oscillation circuit 23 61 so as to halt 
the prodding operation of the piezoelectric actuator 341. 
This operation is performed for one second. 
5 Then, when the subsequent signal with a frequency of 1 

Hz from the frequency divider 2 02 causes the oscillation 
circuit 2361 to be driven via the control circuit 225, the 
piezoelectric actuator 341 starts its prodding operation 
again, so that and the rotor 343 is driven to rotate. By 

10 repeating this operation, the time-indicating mechanism 5 is 
driven via the transfer mechanism 4. 

When the foregoing structure is applied to a wrist 
watch, since the piezoelectric actuator 341 extends 
substantially parallel to a human arm, and a vibration of 

15 the piezoelectric actuator 341 is not exerted in any 

directions perpendicular to the arm, the vibration is not 
amplified. 

Also, from the viewpoint of a design feature, some 
wrist watches have a curved shape in which the positions of 

2 0 twelve o'clock and six o'clock on the dial lie low so as to 
extend along the shape of the arm. In this case, by 
disposing the piezoelectric actuator 341, for example, 
between the positions of four o'clock and eight o'clock, the 
foregoing structure is easily applied to a wrist watch 

2 5 having the above-mentioned shape. 
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[2] Second Embodiment 

Fig. 9 is a sectional view of an analog electronic 
timepiece according to a second embodiment. 

In the second embodiment, the piezoelectric actuator 
5 341 is disposed so as to overlap two-dimensionally with a 
mechanism including the transfer mechanism 4 and the time- 
indicating mechanism 5. More particularly, the 
piezoelectric actuator 341 and the rotor 343 are disposed so 
as to face each other, having the mechanism including the 

10 transfer mechanism 4 and the time-indicating mechanism 5 

interposed therebetween, and are disposed at the backsides 
of the transfer mechanism 4 and the time-indicating 
mechanism 5 so as to overlap two-dimensionally with these 
mechanisms. The remaining structure is substantially the 

15 same as those that in the foregoing embodiment, and the same 
parts as in Fig. 3 are represented by the same reference 
numerals . 

In the second embodiment, the piezoelectric actuator 
341 is composed of a thin plate. Thus, even when the 

20 piezoelectric actuator 341 is disposed so as to overlap two- 
dimensionally with a mechanism including the fourth wheel 
3 51, the third wheel 3 52, the second wheel 3 53, the minute 
wheel 354, the scoop wheel 355, and the like, the timepiece 
does not become large so much in the height direction 

25 thereof. Accordingly, the timepiece becomes smaller by the 
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size of a drive body (actuator) than those with the related 
art . 

[3] Third Embodiment 

Fig. 10 is a plan view of a pressing structure of the 
5 piezoelectric actuator according to a third embodiment. In 
Fig. 10, the same parts as those in Fig. 2 are represented 
by the same reference numerals. 

In the third embodiment, the arrangement relationship 
among the piezoelectric actuator 341, the rotor 343, and the 

10 fourth wheel 3 51 is set such that a pressing force F of the 
pressing member 16 is exerted in a direction substantially 
in agreement with a circumferential direction Fl of the 
fourth wheel (driven wheel) 3 51 which is the first to be 
driven by the rotor 343 among the transfer mechanism 4. 

15 With this structure, the pressing member 16 presses and 

urges the rotor 343 toward the piezoelectric actuator 341. 
That is, the rotor 343 moves parallel to the plane of the 
figure. Meanwhile, when the rotor 343 moves parallel to the 
plane, the center distance between the rotor 3 43 and the 

2 0 fourth wheel 3 51 varies, thereby causing a risk of making 
transfer efficiency unstable. 

However, in the present embodiment, since the pressing 
force F of the pressing member 16 is exerted substantially 
in the circumferential direction Fl of the fourth wheel 3 51, 

25 the center distance between the rotor 343 and the fourth 
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wheel 3 51 is maintained constant, thereby making the 
transfer efficiency stable. 
[4] Fourth Embodiment 

Fig. 11 is a plan view of a pressing structure of the 
5 piezoelectric actuator according to a fourth embodiment. In 
Fig. 11, the same parts as those in Fig. 2 are represented 
by the same reference numerals. 

In the fourth embodiment, the arrangement relationship 
among the piezoelectric actuator 341, the rotor 343, and the 

10 fourth wheel 3 51 is set such that the pressing force F of 

the pressing member 16 is exerted substantially in a center- 
oriented direction F2 of the fourth wheel (driven wheel) 3 51 
which is the first to be driven by the rotor 343 among the 
transfer ' mechanism 4 . 

15 With this structure, since the direction of a receiving 

force of the rotor 3 43 caused by a load torque of the wheel 
train of a timepiece (the direction of the pressing force F) 
is substantially perpendicular to the rotational direction 
of the rotor 343 (the arrow A direction) , the pressing force 

20 F of the pressing member 16 does not fluctuate. 

Accordingly, a stable drive with the prodding operation of 
the piezoelectric actuator 341 is achieved. Even when a 
shock is exerted on the timepiece, it affects little on the 
transfer of rotation from the rotor 343 to the fourth wheel 

2 5 3 51, thereby preventing time indication of the time- 
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indicating mechanism 5 from being shifted. 
[5] Fifth Embodiment 

According to a fifth embodiment, without the pressing 
member 16, a pressing structure is achieved in which the 
5 piezoelectric actuator 341 is pressed and urged toward the 
rotor 343 by means similar to the pressing member 16. In 
this case, the rotor 3 43 does not move parallel to the plane 
of the figure; instead, the piezoelectric actuator 341 moves 
parallel to the plane. In other words, since the rotor 343 

10 does not move parallel to the plane, the center distance 

between the rotor 343 and the fourth wheel 3 51 is maintained 
constant, thereby making the transfer efficiency stable. 
[6] Sixth Embodiment 

According to a sixth embodiment, among component 

15 members constituting an analog electronic timepiece, the 

vibrator is disposed so as to overlap two-dimensional ly with 
a part of the component members which do not affect an 
increase in thickness after its arrangement. 

To be more specific, the part of the component member 

20 which do not affect an increase in thickness after the 
arrangement include a circuit board, an IC circuit, the 
train wheel, the base plate, a variety of receiving members, 
a time correcting member, and the circuit retainer. Also, a 
gear, a pressure spring, a pressing plate, the base plate, 

2 5 and the like disposed above and below a rotor wheel can be 
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disposed so as to overlap two-dimensionally with the 
vibrator . 

Fig. 12 is a plan view of an analog electronic 
timepiece according to a sixth embodiment. In Fig. 12, the 
5 same parts as those in Fig. 2 are represented by the same 
reference numerals . 

In the analog electronic timepiece according to the 
sixth embodiment, as shown in Fig. 12, the various 
mechanisms illustrated in the block diagram shown in Fig. 1 
10 are arranged on the base plate 11 in a well-organized 
manner . 

More particularly, in the analog electronic timepiece 
according to the sixth embodiment, the battery 1A, the 
negative terminal IB, and the positive terminal 1C, the 

15 three constituting the power source 1, the time corrector 8 
including the crown 8A, the quartz oscillator 201A 
constituting the oscillation circuit 201, the IC 2A having 
the electronic circuit 2 formed therein, and the time- 
indicating mechanism 5 including a piezoelectric actuator 

2 0 400 serving as a drive source are arranged on the base plate 
11 in a well-organized manner. Here, the circuit retainer 
101 lies also in contact with the battery 1A. 

Fig. 13 is a sectional view of the time-indicating 
mechanism 5 including the piezoelectric actuator 400. As 

25 shown in Fig. 13, the piezoelectric actuator 400 has a 
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substantially rectangular and plate-like shape. 

The piezoelectric actuator 400 has fixing portions 400A 
integrally formed with the middle portion thereof. One of 
the fixing portions 400A is fixed to the base plate 11 with 
5 the fixing pin 12. In this state, the piezoelectric 

actuator 400 is arranged so as to be substantially parallel 
to the base plate 11. As a result, since the piezoelectric 
actuator 400 performs a longitudinal vibration and a 
secondary flexural vibration, the top portion of an abutment 

10 portion 400B disposed at the top thereof comes into contact 
with the periphery of the rotatably-supported rotor 343 
while depicting an elliptical path. 

Thus, the piezoelectric actuator is driven by applying 
drive voltages on central electrodes 401 and electrode pairs 

15 402. In this state, electrode pairs 403 have no drive 

voltage applied thereon. When the abutment portion 400B of 
the piezoelectric actuator 400 comes into contact with the 
periphery of the rotor 343, the rotor 343 rotates in the 
arrow A direction indicated in Fig. 16 with a frictional 

2 0 force. With this arrangement, the driven wheel 343A 

integrally formed with the rotor 343 rotates in the same 
direction. In addition, the fourth wheel 3 51 engaging with 
the driven wheel 3 43A rotates in the arrow B direction 
indicated in Fig. 12, so that the second hand 351B fixed to 

2 5 the rotating shaft 3 51A is driven. 
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The rotating shaft 3 51A of the fourth wheel 3 51 has the 
driven wheel 351C fixed thereto. The driven wheel 351C has 
the third wheel 3 52 engaging therewith, and the third wheel 
3 52 thus rotates in the arrow C direction indicated in Fig. 
5 13. The rotating shaft 352A of third wheel 352 has the 
driven wheel 352B fixed thereto. Furthermore, the driven 
wheel 3 52B has the second wheel 3 53 engaging therewith. 
Accordingly, the minute hand 3 53B fixed to the rotating 
shaft 3 53 A of the second wheel 3 53 is driven with a rotation 

10 of the second wheel 353 . 

The rotating shaft 3 53 A of the second wheel 3 53 has the 
driven wheel 353C fixed thereto. The driven wheel 353C has 
the minute wheel 3 54 engaging therewith, and the minute 
wheel 3 54 thus rotates in the arrow D direction indicated in 

15 Fig. 12. 

According to the sixth embodiment, among the component 
members constituting the analog electronic timepiece, the 
piezoelectric actuator (vibrator) is disposed so as to 
overlap two-dimensionally with a part of the component 
2 0 members which do not affect an increase in thickness after 
the arrangement of the piezoelectric actuator, whereby the 
two-dimensional shape of the analog electronic timepiece can' 
be made small. 

[7] Concrete Structures of Piezoelectric Actuators 
25 Although the concrete structure of the piezoelectric 
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actuator 341 (400) has not been described above, the 
following structures are specifically possible. 

In the first place, the structure according to the 
following shape is employed in order to improve the drive 
5 efficiency of the piezoelectric actuator 341. That is, the 
dimensions of the piezoelectric actuator 341 are set as 
shown below: 

7 mm x 2 mm x 0.4 mm in thickness. 
In this case, two piezoelectric elements, each composed of 
10 PZT having a thickness of 0.15 mm, and a backing board 

composed of a stainless steel plate having a thickness of 
0.1 mm are used. 

By employing an aspect ratio formed by such dimensions 
of about 7 mm x 2 mm, resonant frequencies of the foregoing 
15 longitudinal vibration and secondary flexural vibration 
agree with each other, whereby an elliptical drive is 
effectively performed. 

In this case, preferably the resonant frequency of the 
secondary flexural vibration lies in the range of 0.97 times 
2 0 to 1.03 times that of the longitudinal vibration. 

For example, the resonant frequencies are shown as 
follows: 

284.3 kHz for the longitudinal vibration, and 
288.6 kHz for the secondary flexural vibration (1.015 
25 times the resonant frequency of the longitudinal vibration) . 
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According to the above example setting of the resonant 
frequencies, the piezoelectric actuator 341 was able to 
provide a satisfactory elliptical vibration. 

In the meantime, the resonant frequencies of the 
5 longitudinal vibration and the secondary flexural vibration 
can be easily controlled by varying the aspect ratio of the 
piezoelectric actuator 341. In the case of the foregoing 
example, in a state in which the longitudinal length is 
fixed at 7 mm, when the lateral length is made smaller than 

10 2 mm, a difference between the resonant frequencies becomes 
smaller, and, when the lateral length is made greater than 2 
mm, the difference between the resonant frequencies becomes 
greater. This is ascribable to the fact that, when only the 
lateral length is changed, only the resonant frequency of 

15 the secondary flexural vibration varies without causing the 
resonant frequency of the longitudinal vibration to vary. 

To be more specific, although, since they vary due to 
Young's moduli of the piezoelectric elements and the backing 
board, optimization taking these Young moduli into account 

2 0 is necessary, it has been known that a preferable aspect 
ratio is about 7:2. Meanwhile, the resonant frequency of 
the secondary flexural vibration decreases in accordance 
with the mass of the abutment portion 341B of the 
piezoelectric actuator 341. 

2 5 The way of setting an optimal drive frequency will be 



- 29 - 

now described. 

Fig. 14 is a graph illustrating a frequency- impedance 
characteristic of the piezoelectric actuator having the 
concrete structure . 
5 As shown in Fig. 14, the frequency- impedance 

characteristic of the piezoelectric actuator 341 exhibits an 
antiresonant frequency fO between a minimal value of the 
longitudinal vibration (a resonant frequency of the 
longitudinal vibration) fl and a minimal value of the 

10 secondary flexural vibration (a resonant frequency of the 
secondary flexural vibration) f 2 . 

In the case of the foregoing example, the resonant 
frequency fl of the longitudinal vibration is equal to 284.3 
kHz, and the resonant frequency f2 of the secondary flexural 

15 vibration is equal to 288.6 kHz. Accordingly, by setting a 
drive frequency (excitation frequency) of the piezoelectric 
actuator 341 in the range from 2 80 to 290 kHz, the 
longitudinal vibration and the secondary flexural vibration 
can be excited at the same time. 

20 Preferably, a drive frequency of the piezoelectric 

actuator 341 may be set so as to lie between the resonant 
frequency fl of the longitudinal vibration and the resonant 
frequency f2 of the secondary flexural vibration. In the 
case of the foregoing example, the drive frequency of the 

25 piezoelectric actuator is given by the following formula: 
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fl = 284.3 kHz < drive frequency < f2 = 288.6 kHz. 

More preferably, the drive frequency of the 
piezoelectric actuator is set higher than the antiresonant 
frequency fO lying between the resonant frequency fl of the 
5 longitudinal vibration and the resonant frequency f2 of the 
secondary flexural vibration and lower than the resonant 
frequency f2 of the secondary flexural vibration. 

That is, the drive frequency is given by the following 
formula : 

10 fO < drive frequency < f 2 . 

Consequently, a larger elliptical vibration (a combined 
vibration of the longitudinal vibration and the secondary 
flexural vibration) can be provided, thereby achieving a 
more effective drive. Also, harsh knocking sounds are less 

15 generated than when an electromagnetic stepping motor is 
used. 

[8] Modifications 

Although the present invention has been described in 
accordance with each of the embodiments, the present 
2 0 invention is not limited to them. A variety of 
modifications will be described below. 
[8.1] First Modification 

Fig. 15 is an illustration of an example electrode 
arrangement of a piezoelectric actuator. 
25 As shown in Fig. 15, a piezoelectric actuator 400B 



according the present modification has an entire-surface 
electrode 404 disposed on each surface thereof. 

Also, by disposing an abutment portion 341B1 and a 
balancing portion 341C1 at unbalanced positions of the 
5 piezoelectric actuator 341 in place of the abutment portion 
341B of the same, the piezoelectric actuator 341 is made in 
a mechanically unbalanced state so as to generate a 
longitudinal vibration and a secondary flexural vibration. 
Although two of the abutment portion 341B1 and the 

10 balancing portion 341C1 are disposed as abutment portions in 
the present modification, it does not matter to dispose a 
single of the abutment portion 341B1. 
[8.2] Second Modification 

Fig. 16 is an illustration of an electrode arrangement 

15 of another piezoelectric actuator. 

The piezoelectric actuator according to the first 
modification illustrated in Fig. 15 has a structure in which 
the entire-surface electrpde 404 is disposed on each surface 
thereof. Instead of this structure, as shown in Fig. 16, a 

20 piezoelectric actuator 400C according to the present 

modification has a structure in which a drive electrode 405 
extending between the abutment portion 341B1 and the 
balancing portion 341C1 and a detecting-electrode pair 406 
are disposed on each surface thereof. 

25 By employing such a structure, when a drive voltage is 
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applied on the drive electrodes 405, a longitudinal 
vibration of each piezoelectric element is excited, and also 
imbalance between expansion and contraction of the 
piezoelectric element occurs. In addition, due to a 
5 mechanical unbalanced state caused by the abutment portion 
341B1 and the balancing portion 341C1, a secondary flexural 
vibration is more reliably excited. 

Thus, the longitudinal vibration and the secondary 
flexural vibration are combined so as to generate an 
10 elliptical vibration. 

Also, by using the detecting-electrode pairs 406 as 
detecting electrodes for detecting the vibrating state 
because of the same reason as in the first modification, a 
more accurate control is possible. 
15 [8.3] Third Modification 

In the above descriptions, although the rotor is driven 
in one direction, it is possible to drive it in both normal 
and reverse directions. 

Fig. 17 is an illustration of an electrode arrangement 
2 0 of a piezoelectric actuator for a drive in both normal and 
reverse directions. 

As shown in Fig. 17, with the electrode arrangement of 
a piezoelectric actuator 400 according to the third 
modification, the central electrode 401 and two sets of the 
25 electrode pairs 402 and 403, each set arranged so as to 



intersect with each other with respect to the central 
electrode 401, are disposed on each surface thereof. 

With this structure, in order to generate an elliptical 
drive in a first direction (the normal direction) , the 
5 central electrodes 401 and the electrode pairs 402 have 
drive voltages applied thereon. In this state, the 
electrode pairs 403 have no drive voltage applied thereon. 

As a result, although a longitudinal vibration is 
excited by the central electrodes 401, since the drive 

10 voltage is applied only on the electrode pairs 402 between 

the electrode pairs 402 and 403, imbalance between expansion 
and contraction of each piezoelectric element due to the 
longitudinal vibration occurs, thereby exciting a secondary 
flexural vibration corresponding to the first direction. 

15 Thus, the longitudinal vibration and the secondary 

flexural vibration are combined so as to generate an 
elliptical vibration in the first direction. 

Meanwhile, in order to generate an elliptical drive in 
a second direction (the reverse direction) , the central 

20 electrodes 401 and the electrode pairs 403 have drive 

voltages applied thereon. In this state, the electrode 
pairs 402 have no drive voltage applied thereon. 

As a result, although a longitudinal vibration is 
excited by the central electrodes 401, since the drive 

2 5 voltage is applied only on the electrode pairs 403 between 
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the electrode pairs 402 and 403, imbalance between expansion 
and contraction of each piezoelectric element due to the 
longitudinal vibration occurs, thereby exciting a secondary 
flexural vibration corresponding to the second direction. 
5 Thus, the longitudinal vibration and the secondary 

flexural vibration are combined so as to generate an 
elliptical vibration in the second direction. 

In this case, it is preferable that one of the 
electrode pairs having no drive voltage applied thereon be 

10 used as detecting electrodes for detecting the vibrating 
state. The reason for this is such that, since a 
piezoelectric element generates heat due to its vibrations, 
and a Young's Modulus and other characteristics thereof vary 
due to a change in temperature, instead of controlling a 

15 drive frequency in a fixed manner, it is preferable that a 

voltage generated due to the vibrations be detected with the 
electrode pair having no drive voltage applied thereon and 
the drive frequency be controlled so as to make a phase 
difference or an absolute value of the voltage agree with a 

2 0 predetermined control target value. 
[8.4] Fourth Modification 

Fig. 18 is an illustration of an electrode arrangement 
of another piezoelectric actuator for a drive in both normal 
and reverse directions. 

2 5 Although the central electrodes 401 and the two pairs 
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of electrode pairs 402 and 403 are disposed on each surface 
of the actuator in the above-described modification, as 
shown in Fig. 18, in a piezoelectric actuator 400A according 
to the present modification, the central electrodes 401 are 
5 eliminated, and only two sets of the electrode pairs 402 and 
403 are disposed on each surface thereof. 

With this arrangement, in order to generate an 
elliptical drive in the first direction (the normal 
direction) , the electrode pairs 402 have a drive voltage 

10 applied thereon. In this state, the electrode pairs 403 
have no drive voltage applied thereon. 

As a result, when the drive voltage is applied on the 
electrode pairs 402, a longitudinal vibration of each 
piezoelectric element is excited, and also imbalance between 

15 expansion and contraction of the piezoelectric element 
occurs, thereby exciting a secondary flexural vibration 
corresponding to the first direction. 

Thus, the longitudinal vibration and the secondary 
flexural vibration are combined so as to generate an 

20 elliptical vibration in the first direction. 

Meanwhile, in order to generate an elliptical drive in 
the second direction (the reverse direction) , the electrode 
pairs 403 have a drive voltage applied thereon. In this 
state, the electrode pairs 402 have no drive voltage applied 

2 5 thereon. 
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As a result, when the drive voltage is applied on the 
electrode pairs 403, a longitudinal vibration of each 
piezoelectric element is excited, and also imbalance between 
expansion and contraction of the piezoelectric element 
5 occurs, thereby exciting a secondary flexural vibration 

corresponding to the second direction opposite to the first 
direction . 

Thus, the longitudinal vibration and the secondary 
flexural vibration are combined so as to generate an 
10 elliptical vibration in the second direction. 

Also, in these cases, it is preferable that one of the 
electrode pairs having no drive voltage applied thereon be 
used as detecting electrodes for detecting the vibrating 
state because of the same reason as in the foregoing 
15 modifications. 

[8.5] Fifth Modification 

Although a location at which each of the piezoelectric 
actuators is supported has not been described in detail, by 
supporting the central portion thereof which serves as a 
2 0 node of both longitudinal vibration and secondary flexural 
vibration, a vibration loss can be reduced. 
[8.5] Fifth Modification 

So far, two arrangements have been described: one in 
which the piezoelectric actuator 341 is disposed so as not 
2 5 to overlap two-dimensionally with the fourth wheel 3 51, the 
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third wheel 3 52, the second wheel 3 53, the minute wheel 3 54, 
the scoop wheel 355, and the like, and the other in which 
the piezoelectric actuator 341 is disposed so as to overlap 
two-dimensionally with a mechanism including the transfer 
5 mechanism 4 and the time- indicating mechanism 5. However, 
among component members constituting the analog electronic 
timepiece, the vibrator may be disposed so as to overlap 
two-dimensionally with a part of the component members which 
do not affect an increase in thickness after its 

10 arrangement. 

In this case, the part of the component members which 
does affect an increase in thickness after the arrangement 
include, for example, the battery and a quartz crystal which 
are decisive in determining the overall thickness of the 

15 timepiece movement. Accordingly, the part of the component 
members which do not affect an increase in thickness after 
the arrangement include a circuit board, an IC circuit, the 
train wheel, the base plate, a variety of receiving members, 
a time correcting member, the circuit retainer, and a 

2 0 calendar mechanism. Also, since a gear, a pressure spring, 
a pressing plate, the base plate, and the like disposed 
above and blow the rotor wheel are cross-sectionally 
different from the vibrator, by arranging them so as to 
overlap two-dimensionally with the vibrator, a greater 

25 effect can be obtained. 
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[8.6] Sixth Modification 

Also, the position detector 100 is not limited to the 
foregoing structure having the jumper spring 19 used 
therein; instead, for example, a non-contact sensor (a photo 
5 sensor, a magnetic sensor, a capacitive sensor, or the like) 
may be used. Although a position of the fourth wheel 3 51 is 
detected, the detecting position is not limited to this, and 
a position of any one of the rotor, the transfer wheels, the 
indicating components (indicating hands) , and the like may 
10 be detected. When a photo sensor is used, a detecting 

method may be of a transmissive type, a reflective type, or 
the like. In order to achieve a thin structure of the 
timepiece, a reflective type is preferable. 
[8.7] Seventh Modification 
15 Also, the piezoelectric actuator 341 may drive a fifth 

wheel arranged so as to be concentric with the rotor 343 
and to rotate integrally therewith, and also the rotor 343 
itself may be used as a fourth wheel. In the case of a 
timepiece having two hands (hour and minute hands) , the 
20 rotor 343 may drive a third wheel and also the rotor 343 
itself may be used as a second wheel. Hour, minute, and 
second hands may be independently driven by respective 
drive sources . 
[8.8] Eighth Modification 
25 An indicating method of the time-indicating mechanism 
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is not limited to rotations (hands) , any one of slides, a 
sector shape, a drum shape, and the like may be used. 
Although an example pressing angle of each of the 
piezoelectric actuators in the figures is set at about 30 
5 degrees, the angle is not limited to this value, and it is 
apparent that another pressing angle can be set. 
[8.9] Ninth Modification 

Also, a balancing portion 341C may be disposed at an 
end of the piezoelectric actuator 341, on the opposite side 
10 of the abutment portion 341B of the same, so as to induce a 
larger flexural vibration and thus to generate a larger 
torque . 

[9] Advantages of the Embodiments 

As described above, according to the embodiments, it is 

15 sufficient to provide only a single vibrator and a single 

drive circuit, thereby achieving a simplified structure and 
also a reduced cost. In addition, since the single vibrator 
is disposed, a drive (vibration) is performed more stably 
than when a plurality of vibrators is disposed. 

2 0 Furthermore, since detecting electrodes are disposed, 

the vibrating state can be detected, thereby driving a 
piezoelectric actuator at an optimal frequency. 

Still furthermore, a highly effective drive can be 
performed by reducing a vibration loss. 

2 5 [Advantages of the Invention] 
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According to the present invention, a driven body is 
driven with a vibration of a plate-like vibrator, and a 
time- indicating mechanism operates with a drive of the 
driven body directly or via a transfer mechanism, thereby 
5 achieving higher transfer efficiency and a smaller and 
thinner structure without making a timepiece movement 
thicker than those with the related art. 



